Introduction
Since Industrial Revolution, urban forms have suffered profound transformations. The urban growth associated to the new technical and economic reality of industrial cities created new spatial entities, named 'conurbations' by Geddes (1915) , from the coalesce of formerly separated cities and towns. In 20th new low-density and discontiguous forms of urbanization, satellite cities and suburbs, that began to challenge the traditional notion of urban form. The expansion of urban footprint, including facilities and infrastructures, has produced a topological inversion of the landscape of most urbanized regions: there is no more an unlimited rural space surrounding a discrete urban entity, but an assemblage of strongly interlinked urban spaces that cross and (Margalef, 2005) . At the same time, rural spaces tend to host a growing set of urban facilities and be home to a growing population of urban commuters, a proccess named 'rururbanization' by Bauer & Roux (1976) . This interpenetration of rural-urban by a clearly differentiated space, but by a set of physical and virtual networks linking spatially-separated urban spaces (Dematteis, 1991; Dupuy, 1992; Corboz, 1994; Ascher, shifts to functional criteria: "families create their own 'cities' out of the destinations they can reach (usually travelling by car) in a 'reasonable' length of time" (Fishman, 1990) . In any case, this functional vision of the urban space is already implied in the traditional notion of metropolitan area. The US Bureau of the Areas (SMSA), based on the commuting previous demographic, morphological and socio-economic criteria. Later, Fox & Kumar (1965) proposed Functional Economic Areas, central cities; Berry et al. (1968) conducted an analysis of commuting movements of the 1960 census, noting that while 66% of the US population resided in metropolitan areas, this were included. All these approaches were conceptualizing the urban area from the labor market and daily commuting (Berry, 1973) , or spatial self-containment of employment supply and demand (Smart, 1974; Hall & Hay, 1980) , and in such terms the metropolitanization and suburbanization of Western Europe began to be analyzed (Chesire & Hay, 1986; Chesire, 1995 Despite all these efforts, the concept of labour market-related metropolitan area has not challenged the traditional notion of urban space, still asociated to a continuous built-up area, specially when comparing urban areas at international or global scale, where there is no use of GIS and remote sensing technology has improved the access to global harmonized data and boosted the morphological study of greater urban areas (Angel et al., 2016; Demographia, 2017) , but these studies fail to incorporate the and space, while displaying a bias towards greater urban areas that obscure any possible
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Methodology
The main objective of this study is to unveil the relationship between city size and urban form, trying to answer the question of how urban
Delimitation of urban areas
There is a great variety of methodological investigations on the delimitation of urban areas in Spain that adapt methods from international organisms or assume original approaches. Some works by the public administration make explicit a series of criteria of delimitation, but in fact they show no precise methodology, as they are based to a great extent on expert opinion, without ruling out criteria of political expediency. However, most of the works are academic studies based on detailed methods, and among them, more than half develop different variants of functional delimitation based on the labor market data from the 2001 Census, which detail the municipality of origin and destination of these daily work travels (Jiménez, 2015: 71-79) .
On this common basis, each approach uses a growing integration of rural and urban spaces, this objective, a wide sample of Spanish cities and towns was selected, showing different sizes and geographical contexts, but sharing a common legal frame and urban culture. It also was necessary to search for scale-independent spatial metrics that could be adapted to urban areas of such different size and population. The sample includes all the Spanish provincial capitals (Figure 1 ), which have since been operating as administrative centers since 1833, and have developed a central role in the process of urbanization of the country, becoming the main population center and urban referent of their respective territories. On the other hand, the size of these urban areas is correlated to a large extent with the demography of their surroundings: the largest cities are situated in the most populated areas, while smaller cities are usually in less populated regions. the continuity of the urban fabric (Ruiz, 2011) or by self-containment of the local labour market (Roca et al., 2012) . The incorporation procedure is the most important parameter criteria offers the greatest extensions, while more stringent criteria, together with a more restricted iteration, reduce the extent to a minimum. The methodology that offers more extensive urban areas (Roca et al., 2005 ) is based on the pursuit of the maximum self-containment of the labour market area. This approach ends up offering the most disturbing results, by presenting large rural extensions as integrated into huge metropolitan areas. Paradoxically the low population of these territories makes them more dependent on the jobs available in the cities, so that an theoretically undisputable rural territory houses a population that has much of an urban lifestyle. At the opposite extreme, the AUDES project (Ruiz, 2011) , without renouncing a functional conceptualization of the metropolitan area, applies much stricter morphological restrictions, displaying a much more conservative picture.
The AUDES method consists of an iterative (based on data from Corine Land Cover 2006) with a population of at least 10,000 inhabitants. The degree of functional integration of contiguous municipalities is then evaluated according to an attraction ratio, calculated from the commuting travels collected by the 2001 Census. This ratio counts both the movements from the periphery to the center as those from the center to the periphery. The minimum ratio for joining the urban area is 25% (provided there is an absolute minimum of 200 transfers), and also includes the condition that there is spatial continuity. The next step in the process is to re-calculate the attraction ratio, but this time with adjacent urban areas, not isolated municipalities. These peripheral urban areas are incorporated into the greater urban area as urban subareas incase they have an attraction step is to evaluate the interaction rate between adjacent urban areas, constituting what is named 'conurbation' in case the percentage of daily transfers between both areas exceeds 25% of the total daily transfers. This iterative method is similar to those used in other studies, but it is also more demanding in terms of morphological criteria. Apart from the minimum population thresholds, each urban attributes, and from that it is accepted the exclusively functional criteria. The following iterative steps are no longer carried out with isolated municipalities, but with urban areas that have previously met both morphological and functional requirements.
Urban form metrics
There is a plethora of metrics designed to quantitatively describe urban form. Schwarz metrics and socio-economic indicators, summing up more than 40 indicators used in different studies. However, most of these usually present strong correlations, so to characterize European cities: "area of the discontinuous urban fabric, edge density, mean patch size, number of patches, compactness index of the largest patch, population number, population density" (Schwartz, 2010:41) . Huang et al. (2007) use seven spatial metrics related to compactness, centrality, complexity, porosity and density, but correlation analysis shows strong relations among most of them, specially complexity, compactness and porosity, while density correlates only partially with some of them. Angel et al. (2016) calculate density, fragmentation and compactness metrics for a global sample of 200 cities, however fragmentation metrics strongly depend on scale-dependent factors, unsuitable fot a sample of such different size urban areas. For this estudy two metrics were chosen, as or built area density, as "the ratio of the total population of the urban area and its built-and minimum density, and occupying the entire range from 25 to 70 inhab/Ha. Although largest urban areas display higher values of density than smallest, the intermediate range displays the greatest variability, and one of them, Cadiz, has the highest density of the sample. Apart from this case, which could respond to extraordinary conditions, the highest values of density correspond to Barcelona, Bilbao, Donosti and Pontevedra, between 71 and 65 inhab/Ha, with populations between 4.5 million and 126,000 inhabitants. Thus, the sample shows the absence of small urban areas with high gross density and large urban areas with low gross density, while intermediate urban areas cover the full range of densities, reaching extreme values, both above and below.
On the other hand, compactness values obtained for the sample vary within the range from 20% to 55%. Smaller urban areas display both the minimum and maximum values of compactness, while as the size of urban areas increases, the range of variation narrows, increasing the minimum values. The areas of Madrid and Barcelona have a compactness very close to the maximum values, but smaller urban areas (Alicante, Salamanca, Ávila and Huesca) are the ones that present the highest compactness. These values are relatively low compared to other studies (Angel et al., 2010) , but this is due to the methodology used: urban infrastructures are not being computed, so that even in an area of continuous urbanization the spaces dedicated to these infrastructures appear as empty spaces. This methodology allows us to distinguish between those infrastructures integrated within the urban space versus those located on the periphery or in the vicinity of the urbanized area.
Gross density and compactness have a high degree of independence (Figure 2) , with examples of low density and low compactness (Teruel), low density and high compactness (Avila), high density and low compactness (Oviedo, Santander, Pontevedra), and high density and high compactness (Barcelona, Bilbao) . The obtained values of density and compactness allow to re-evaluate the traditional typology of Spanish cities, which is articulated around the geographical location: up area, measured in persons per hectare"; average beeline distance of all points in the equal area circle to city hall and the average beeline distance of all points in the urban extent" to the geometric centre of the built-up area (Angel et al., 2016:31) Built-up area is calculated from SIOSE project, which covers the whole Spanish territory with a continuous mesh of polygons, characterized by the type of land use and cover. SIOSE database does not follow the traditional describes any polygon as a combination of one or more covers with their correspondent attributes and percentage of occupancy, with two associated superclasses: land cover and use (IGN, 2007) . The SIOSE model includes a large number of cover types, but in this study composites, covering the different types of urban fabrics, which have been grouped in three broad categories: mixed urban fabric, including residential areas (UCS, UEN, UDS), specialized urban fabric (industry: IPO, IPS, IAS; tertiary sector: TCO, TCH, TPR, TCG; urban facilities: EAI, ESN, ECM, EDU, EPN, ERG, ECL, EDP, ECG, EPU); and infrastructure (transportation: NRV, NRF, NPO, NAP; telecommunications: NTC; water supply: NDP, NDS, NCC; waste management: NVE, NPT).
Measurement and analysis
Gross density values vary from Teruel's 17.34 inhabitants/hectare to Cadiz's 94,21 inhab/ Ha. Apart from these extreme two cases (and Lleida, with a density similar to that of Teruel), the rest of the urban areas are in the range of 25-70 inhab/Ha. It is possible to distinguish, in any case, three large groups: the smaller urban areas (<100,000 inhabitants) are in a range of densities of 25-40 inhab/Ha; larger urban areas (>500,000 inhabitants) display higher northern urban areas display a low compactness which can be attributed to orographic conditions, while southern and Mediterranean urban areas tend to be more compact. On the other hand, bigger cities tend to display high compactness, but smaller ones display a great diversity of values, from the highest to the lowest, that still have to be explained.
Different patterns of growth in intermediate cities
In contrast to the relative homogeneity of the large urban areas, the smaller ones present an important variability of both density and compactness (Figure 3) . On the one hand, Avila and Jaen are typical examples of a Mediterranean-type compact city, with the bulk of the urbanized area grouped in the urban center and much smaller areas in the vicinity, maintaining a very similar total area and extent (around 2,000 Ha and between 2 and 3 km of average distance to the center), although Jaen has more than twice as many inhabitants as Avila. In front of these, Pontevedra and Teruel have urbanized areas of similar size (also around 2,000 Ha), but with average distances to the center of almost 5 and 6 kilometers respectively. The lower compactness of these The case of Teruel corresponds to another situation, since it is derived from the functional integration of two compact nuclei (Teruel itself and the neighboring municipality of Cella) and an extensive industrial estate located in the road that connects both. The 20 kilometers that separate both municipalities, combined with the small relative size of both nuclei explain the low compactness value (18.55%).
Conurbation vs. functional integration
The process of urban growth and residential spread in Spain has more frequently implied the expansion of preexisting nuclei than the emergence of new suburban settlements. The urban areas of Castilla-Leon constitute a good sample of cities of intermediate and small size distributed over a fairly homogeneous geographic space, in terms of both topography and distribution of pre-industrial settlements. These urban areas also share similar values of gross density, but very different values of compactness (Figure 4) . The highest values of compactness correspond to Avila urban area, which only includes one municipality, and Salamanca, which has integrated a whole crown of nearby municipalities bordering the conurbation. On the other hand, the lowest compactness correspond to the less populated urban area of the sample, Soria, which has anyway managed to functionally integrate a number of relatively distant municipalities, and Zamora, which displays a structure very similar to that of Salamanca but with a much smaller size, so that the conurbation of the nuclei are very far from being achieved. Finally, the most populated area of the sample, Valladolid, also displays a high compactness, although lower than Salamanca, because after the municipalities, it has also integrated other municipalities further away from the central 
Conclusion
This study has carried out a morphological by functional criteria. The distinction between urban area as a dense and continuous space, no further analysis will show any space that is not dense and continuous. The urban functional space, however, is capable of showing itself as more or less dense, more or less compact.
The analyzed sample includes urban areas that share a social, cultural, economic, administrative and political context, but differ in size and geographical context. Geographic location seems to be the basic variable to explain the density-compactness pattern, while size seems to impose its own pattern when dealing with larger urban areas, where high density and compactness values are prevalent. Compared to the relative homogeneity of the large urban areas, the smaller ones present a much more varied range of density a compactness values.
The great variation of compactness values found in smaller urban areas can be explained because two different growth mechanisms take place in the peri-urban fringe that have opposite effects with respect to compactness: the functional integration of remote urban nuclei generates longer commuting distances with minor spread of the urban footprint, while the organic expansion of the central nucleus and previously integrated nuclei, tends to increase the urbanized area without increasing commuting distances. In greater urban areas these two mechanisms would not disappear, but the smaller relative size of the peri-urban fringe analyze broader and more diverse samples of large cities, this study is useful for evaluating of urban growth and transformation of urban form. Similarly, comparing urban areas of such similar characteristics (within a peculiar urban culture as the Spanish one) allows to identify details of the urbanization process that are often overlooked when comparing cities of very different social, cultural, economic and political realities.
